
RESEARCH ARTICLE Open Access

Retinal vascular abnormalities and their
associations with cardiovascular and
cerebrovascular diseases: a Study in rural
southwestern Harbin, China
Junwei Wang1, Fei Leng1, Zhijian Li1, Xianling Tang1, Hua Qian2, Xiaoguang Li2, Yi Zhang1, Xuedong Chen1,
Haitao Du1 and Ping Liu1*

Abstract

Background: Limited data is available on retinal vessel morphology in the north China. The study aimed to
evaluate the prevalence of retinal vascular abnormalities (RVAs) and investigate their associations with the self-
reported diagnosis of cardiovascular and cerebrovascsular diseases (CCVds) in a rural adult population of northeast
China.

Methods: A population-based, cross-sectional study was conducted, using the cluster random sampling method.
One eye of each participant was photographed with a non-mydriatic fundus camera. RVAs including focal and
general arteriolar narrowing (FAN and GAN), arteriovenous nicking (AVN), arteriolar sheathing (AS), and retinopathy
were evaluated. Data on self-reported diagnosis of cardiovascular and cerebrovascular diseases and status of
smoking and alcohol drinking were obtained from questionnaires.

Results: Among the 6267 participants with an age ≥ 50 years, photographs were obtained of 99.2%, with quality
sufficient to perform retinal evaluations in 82.5%. The prevalence of FAN, AVN, AS, retinopathy and GAN were 9.1,
8.9, 5.0, 6.6 and 6.2%, respectively. All the retinal lesions were associated with hypertension (all P < 0.01). After
adjusting for age, gender, and left/right eyes, hypertension, hyperlipidaemia, diabetes mellitus, habits of past or
current smoking and alcohol consumption, AVN was strongly associated with the self-reported diagnosis histories
of coronary heart diseases(CHD) (OR, 1.44; 95% CI, 1.09, 1.89) and retinopathy was significantly associated with a
self-reported diagnosis of stroke (OR, 2.05; 95% CI, 1.18, 3.57).

Conclusions: The overall prevalence of retinal microvascular abnormalities in this population was relatively higher
than that reported in other regions of the world. Retinopathy is associated with the self-reported diagnosis of
stroke while AVN was associated with the self-reported diagnosis of CHD, but the remaining retinal lesions were
not consistently associated with CCVds. Thus, an examination of retinal microvascular characteristics may offer clues
to CCVds and could be a potentially novel biomarkers for CCVds risk.

Keywords: Retinal vascular abnormalities, Risk factors, Cross-sectional study, Prevalence, Rural population,
Cardiovascular and cerebrovascular diseases
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Background
Retinal vascular abnormalities (RVAs, a general term for
retinal lesions such as focal and generalized retinal ar-
teriolar narrowing (FAN and GAN), arteriovenous nick-
ing (AVN), arteriolar sheathing (AS), and retinopathy)
[1–4], have increasingly considered when assessing the
risk of cardiovascular and cerebrovascular diseases
(CCVds) [4]. Previous population-based studies have re-
ported a strong link between RVAs and clinical stroke
[5–11], and there is also evidence that RVAs are predict-
ive of clinical coronary artery disease events [12, 13].
However, most of the previous studies were conducted
in white populations; only one study has included a
Chinese population [14]. In contrast, this study found
that RVAs are not related to the a self reported of cor-
onary heart disease (CHD) or previous cerebrovascular
events, such as stroke.
In the past decades, the development of ocular fundus

photography and image-processing software has enabled
accurate and reproducible assessment of retinal micro-
circulatory alterations [3, 15–17]. However, the current

range of software programs for measuring retinal vascu-
lar changes is not fully automated or easy to use without
standardized protocols, training, and additional input by
technicians. Thus, these resources are only used as re-
search tools and are not yet widely available for clinical
use. Therefore, how to convert retinal vascular imaging
from a research tool into a technique that can assess
CCVds risk and finally into a clinical tool applicable in
daily clinical practice is an urgent problem to be solved.
Considering the role retinal vascular changes may have

in the early detection of CCVds and the lack of research
on retinal vessel morphology in the adult Asian popula-
tion, we conducted the present study to assess the RVAs
in northeastern China. This study focused on the preva-
lence of RVAs and their associations with CCVds among
subjects aged 50 years or older.

Methods
Population and sample ascertainment
Shuangcheng (Fig. 1), a specific region of southwestern
Harbin, northeast China, that was characterized by cold

Fig. 1 The location of the present survey area, Shuangscheng (the sketch map was generated by Adobe Illustrator CS5)
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weather, low elevation, farming communities, and plains,
was selected as the survey area. The population of the
region is approximately 830,000, with 650,000 people liv-
ing in rural areas (18 Xiang, 256 villages).
Geographically defined clusters based on village regis-

ter census data were used as the study sampling frame
within each county/district. In this study, a cluster ran-
dom sampling method, similar to that used in the study
by Doumen [18] was employed. The sample size was de-
termined by RVA prevalence (age ≥ 40 years, 0.043, 14]
within the allowable error boundary of 20% and a 95%
confidence interval (CI) [19], along with assuming an
examination response rate of 85% and a design effect of
1.5 to account for inefficiencies associated with the clus-
ter sampling design. In brief, the sample design used
village-based clusters of almost the same size (approxi-
mately 1000 people). Using streets as dividing lines, vil-
lages with populations of more than 1500 people were
separated into 2 units, and villages with populations of
fewer than 500 people were merged with the closest
neighbouring village with populations of fewer than 800
people [20]. Then, 582 sampling units were obtained,
from which 35 units were randomly selected. This study
included individuals over 50 years old, who comprised
approximately 20% of the total population [21]. Finally,
6849 people were eligible for this study.

Data collection methods
The research protocol was approved by the Medical Eth-
ics Committee of the First Affiliated Hospital of Harbin
Medical University (No:201532) and all the subjects pro-
vided informed consent, according to the Declaration of
Helsinki. Households listings of names of residents ≥50
years of age were obtained from the village registers,
followed by door-to-door visits conducted by the enu-
meration team. Individuals temporarily absent at the
time of the household visit were included in the enumer-
ation. Unregistered adults ≥50 years of age were enumer-
ated and included in the study sample if they had been
living in the household for at least 6 months. Refusal to
provide informed consent was considered as an exclu-
sion criterion.
All participants were administered a questionnaire

[22], basic physical examination, and laboratory evalu-
ation, which included basic demographic characteristics
(name, age, gender, locality, etc.), medical histories
(hypertension, hyperlipemia, diabetes, stroke, cardiovas-
cular and cerebrovascular diseases, smoking status and
alcohol consumption), blood pressure measurements,
fasting blood glucose measurement and blood lipid mea-
surements. All examinations were carried out in the vil-
lages, either in clinics or in the houses of the village
committees. Those who did not appear at the examin-
ation site were revisited, repeatedly if necessary, by a

member of the enumeration team to encourage
participation.

Assessment of hypertension, Hyperlipemia, CCVds and
their risk factors
The methods for the assessment of hypertension,
CCVds, and their risk factors are highlighted here.self-
reported diagnosis histories of CCVds and smoking
habits and alcohol consumption were obtained from a
questionnaire. Sitting brachial blood pressure was mea-
sured three times by trained technicians with a random-
zero sphygmomanometer after 5 min of rest. Blood sam-
ples were collected between 7:00 and 9:00 a.m. after at
least an 8 h overnight fasting. Sterile vacuum tubes with
and without ethylenediaminetetraacetic acid were used,
and centrifugation was performed within 3-h of blood
collection. Serum analysis was performed in the labora-
tory of the First Affiliated Hospital of Harbin Medical
University (quality control of the laboratory was certified
and monitored yearly by the Ministry of Health, China).
Hypertension was diagnosed, if the systolic blood pres-
sure was ≥140 mmHg or diastolic blood pressure was
≥90mmHg, or a self-reported diagnosis history of hyper-
tension and antihypertensive therapy was self-reported.
Hyperlipemia was diagnosed, if Triglycerides were ≥ 2.0
mmol/L and high-density lipoprotein was ≤1.0 mmol/L,
or a self-reported history of hyperlipemia and lipid-
lowering therapy was self-reported. Diabetes mellitus
was diagnosed, if the fasting glucose was ≥7.0 mmol/ L
(≥126 mg/dl) or the use of insulin or oral hypoglycaemic
medication was self-reported [22].

Assessment of retinal vascular abnormalities
To evaluate RVAs, two 40° non-mydriatic retinal photo-
graphs of one eye from each participant were taken
using a fundus camera (Type. Classic, 3nethra, Indian).
One photograph was centred on the optic disc and an-
other on the fovea centre (Fig. 2 follows the standard
Fields 1 and 2 in the Early Treatment of Diabetic Retin-
opathy Study (ETDRS)) [23]. To achieve balance, if the
identification numbers were even, the right eye was
chosen; on the contrary, if the identification numbers
were uneven, the left eye was chosen. The above retinal
photography methods were principally followed the Ath-
erosclerosis Risk in the Community (ARIC) protocol [3].
The inclusion criteria for the study population was as

follows: subjects who had clear fundus photographs that
could be evaluated were included (including those with
previous cataract surgery or previous history of vitrec-
tomy, and intravitreal medications). The exclusion cri-
teria of this study population were as follows: subjects
whose fundus photographs were not clear and could not
be evaluated; and subjects who lacked relevant data.
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The colour photographs (image resolution: 2048*1536
24 bits per pixel, JPG) of each subject were evaluated,
according to the evaluation criteria of the ARIC study
[3] and ETDRS [23]. The photographs were assessed by
two assessors who were trained at the Retinal Vascular
Imaging Centre, University of Melbourne (the assessors
were blinded to the participant characteristics) using a
semi-quantitative manual grading approach for the
digital images.
For the evaluation of RVAs, FAN, AVN, AS, retinop-

athy and GAN were assessed. The grader compared pos-
sible abnormalities with standard and example
photographs to help determine their presence and sever-
ity. The ARIC grid [3] (described in Fig. 2) was applied
to divide the retina into standard regions. The regions
outside zone A region (zone B and distal regions), FAN,
AVN, AS, and GAN in each quadrant were graded.
Standard photographs for retinal microvascular signs
were selected by a retinal specialist from a standard
photographic set developed for the Modified Airlie
House Classification of Diabetic Retinopathy [23].
FAN [3] was diagnosed if the artery with a diameter

greater than or equal to 50 μm, appeared to narrow, with
a diameter is equal to or smaller than 2/3 of its distal
and proximal vessel segments. According to the total
length of vascular stenosis in the quadrant, less than ½
DD, between ½DD and 2 DD, and 2 DD or more, indi-
cated the different severity levels including mild, moder-
ate and severe, respectively. AVN [3] was diagnosed if
both sides of the venous blood column were gradually
narrowed at the intersection of the arteries and veins. If
the narrowing approached approximately ½ of the blood
column, AVN was classified as “mild/moderate.” If the
narrowing was equal to or less than ½ of the blood col-
umn, AVN was considered as “severe.” AS [3] was

considered definite if white sheathing was observed on
one side or both sides of retinal vessels. For the assess-
ment of generalized narrowing of the retinal arterioles,
the arterial diameter was compared with the correspond-
ing veins, unless the veins were engorged and tortuous.
If the arterioles appeared to be narrow in comparison
with the veins, GAN was graded as “questionable.” If
some arterioles in the eye were markedly narrowed or
thready but appeared normal in other quadrants of the
fundus, GAN was graded as “definite.” If the arterioles
were small and thready throughout the entire eye, GAN
was graded as “severe” [14].
For retinopathy, the following lesions were evaluated

in each of the four quadrants of the retina: microaneur-
ysms, hemorrhages, soft exudates or cotton wool spots,
hard exudates, macular oedema, intraretinal microvascu-
lar abnormalities, venous beading, new vessels in the
disc or elsewhere, and vitreous haemorrhage. Retinop-
athy was diagnosed if any of these lesions were definite
or probable in any of the four quadrants. The severity of
retinopathy was summarized according to the ETDRS
severity scale [23].

Quality control of RVAs assessment
To examine the reproducibility of the assessment of
RVAs, 100 pictures were randomly selected and evalu-
ated by two ophthalmologists respectively. Every obser-
ver repeated the work 2 weeks later.

Statistical analysis
The statistical analysis was carried out using SPSS 19.0
(Chicago, IL, USA). The five primary endpoints in the
study were FAN, AVN, AS, retinopathy and GAN. We
calculated the prevalence of each retinal outcome, ac-
cording to gender and age group. The association

Fig. 2 A colour fundus photograph of the right eye of a participant, centred on the optic disc, shows the photographic field definition and the
superimposed grid. The grid is composed of three circles concentric with the optic disc: the innermost circumscribes the average disc, the
middle one outlines the annulus from the disc margin to ½ disc diameter (DD) from the margin (zone A), and the outer one outlines the annulus
from ½ DD to 1 DD from the disc margin (zone B). The four lines radiating from the central circle divide the photograph into four quadrants in
relation to the disc: superior temporal (TS), superior nasal (TN), inferior nasal (NI), and inferior temporal (TI). b. The colour fundus photograph of
the right eye of a participant, centred on the macula
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between RVAs (FAN, AVN, AS, retinopathy and GAN)
and CCVds and their risk factors was determined using
logistic regressions. Odds ratios (ORs) and 95% confi-
dence intervals (CIs) were calculated. All the P-values
were determined a 2-sided test and were regarded as sig-
nificant when they were less than 0.05.

Results
Participants
A total of 6267 participants received examinations, and
the response rate was 91.5%. Fundus photographs were
obtained from 99.2% the responding participants, and of
photographs (from 5172 participants) were eligible for
retinal evaluations. There was no difference in age (P =
0.38) and gender (P = 0.63) between participants with
evaluable photographs (5172) and those with unevalu-
ated photographs (1095) (Table 1). The 5172 partici-
pants with evaluable photographs were finally employed
for all the following analyses. Of the 5172 participants,
2043 were males and 3129 were females. The average
age was 61.25 ± 7.37 years.

Prevalence of retinal vascular abnormalities
For the entire study population, prevalence of focal ar-
teriolar narrowing (FAN), arteriovenous nicking (AVN),
arteriolar sheathing (AS), retinopathy and generalized ar-
teriolar narrowing (GAN), respectively, were 9.1, 8.9,
5.0%,6.6 and 6.2% (Table 2). In general, the prevalence
of AS, retinopathy, and GAN increased significantly with
age, even after adjusting for gender. After adjusting for
age, FAN, AS, and retinopathy were significantly more
frequent in males than in females. For all types of retinal
vessel abnormalities, no significant differences in the fre-
quencies were found between the left and right eyes(P >
0.05, Table 2).

Association of RVAs with CCVds and their risk factors
Logistic regression models were constructed to deter-
mine the association between each retinal outcome and
CCVds and their risk factors. All types of RVAs were
more frequent in persons with hypertension than in
those without (Table 3).
After adjusting for age, gender and left/right eyes,

FAN and AVN were positively associated with self-

reported diagnosis histories of coronary heart diseases
(CHD)(8.6% vs 14.0 and 8.3% vs 14.8%), hyperlipid-
aemia (8.0% vs 13.4 and 8.6% vs 10.2%), and past or
current smoking and alcohol consumption habits (all
P < 0.01). However, the above two types of retinal
lesions were not significantly associated with a self-
reported diagnosis history of stroke (9.0% vs 13.4 and
8.9% vs 12.4%, P > 0.05) (Table 3). After further
adjusting for hypertension, hyperlipidaemia, diabetes
mellitus, habits of past or current smoking and alco-
hol the association between FAN and the self-
reported diagnosis history of CHD was no longer
were statistically significant (OR, 1.27; 95% CI, 0.95,
1.68). Only AVN was strongly associated with the
self-reported diagnosis histories of CHD (OR, 1.44;
95% CI, 1.09, 1.89) (Table 4).
Also after controlling for age, gender, and left/right

eyes, retinopathy was positively associated with a self-
reported diagnosis history of stroke (6.4% vs 18.6%), with
hyperlipidaemia (6.1% vs 8.8%) and with habits of past
or current smoking and alcohol consumption habits (all
P < 0.01) (Table 3). After additional adjustment for
hypertension, hyperlipidaemia, diabetes mellitus, habits
of past or current smoking and alcohol consumption,
the association with a history of stroke persisted (OR,
2.05; 95% CI, 1.18, 3.57). Retinopathy was not signifi-
cantly associated with self-reported diagnosis histories of
CHD (OR, 0.89; 95% CI, 0.63, 1.26) (Table 4).
AS and GAN were not associated with the self-

reported diagnosis of CHD (4.9% vs 5.4 and 6.1% vs
7.1%, P > 0.05) and stroke (4.9% vs 6.2 and 6.2% vs 8.2%,
P > 0.05) but were independently associated with hyper-
lipidaemia (4.6% vs 6.5 and 4.9% vs 11.1%), past or
current smoking and alcohol consumption habits. For all
types of retinal lesions, no significant associations were
found between the subjects with or without the presence
of diabetes mellitus (P > 0.05).

Reproducibility of RVAs assessment
Testing the interobserver and intraobserver variability of
the assessment, the k values were 0.73 to 0.80 for the
interassessment and 0.65 to 0.75 for intraobservation of
FAN, AVN, AS, retinopathy, and GAN.

Table 1 Characteristics of survey population (N,%)

Total N(%) Participants with evaluable photographs
N(%)

Non-participants or participants with non-evaluable photographs
N(%)

p
value

*Age
(Yrs)

61.25 ± 7.37 61.47 ± 7.46 0.38

**Gender Male 2467 (37.5) 2043 (39.5) 424 (38.7) 0.63

Female 3800 (62.5) 3129 (60.5) 671 (61.3)

Footnotes: * Data presented are mean ± standard deviation (SD)
** Chi-square test
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Table 2 Prevalence of retinal vascular abnormalities in rural southwestern Harbin,China (%)

Focal Retinal Vascular Abnormalities Generalized
NarrowingFocal arteriolar narrowing Arteriovenous nicking Arteriolar sheathing Retinopathy

Total 9.1 8.9 5.0 6.6 6.2

Age (Yrs)† 50–59 8.2 8.2 3.9 5.6 5.7

60–69 9.7 8.8 5.4 6.5 5.7

70–79 9.7 12.3 6.6 10.4 9.1

80–91 13.3 6.7 10.7 13.3 10.7

P value 0.626 0.096 0.034 < 0.001 0.036

Gender‡ Male 11.3 9.9 6.8 6.3 7.1

Female 7.7 8.3 3.8 6.9 5.6

P value < 0.001 0.183 < 0.001 0.017 0.161

Eye Left 8.7 9.6 5.2 7.2 6.5

Right 9.5 8.3 4.7 6.1 5.9

P value 0.339 0.117 0.370 0.122 0.829

Footnotes: Test of trend, comparing % between groups
†Adjusted for gender,comparing adjusted % age groups. ‡Adjusted for age, comparing adjusted % between male and female

Table 3 Association between retinal vascular abnormalities and risk factors in rural southwestern Harbin, China

Focal Retinal Vascular Abnormalities Generalized
NarrowingFocal arteriolar

narrowing
Arteriovenous nicking Arteriolar sheathing Retinopathy

% OR(95% CI)† % OR(95% CI)† % OR(95% CI)† % OR(95% CI)† % OR(95% CI)†

Hypertension No 6.2 1 5.9 1 3.4 1 4.8 1 4.3 1

YES 12.6 2.15 (1.77,
2.62)**

12.5 2.22 (1.82,
2.71)**

6.8 1.95 (1.51,
2.54)**

8.8 1.81 (1.44,
2.26)**

8.4 1.98 (1.57,
2.50)**

Hyperlipidaemia No 8.0 1 8.6 1 4.6 1 6.1 1 4.9 1

YES 13.4 2.60 (2.03,
3.33)**

10.2 1.51 (1.17,
1.95)**

6.5 2.51 (1.80,
3.50)**

8.8 2.16 (1.62,
2.88)**

11.1 4.21 (3.15,
5.62)**

Diabetes Mellitus No 9.0 1 8.9 1 5.0 1 6.8 1 6.1 1

YES 10.2 1.09 (0.79,1.52) 9.7 1.08 (0.77,1.51) 4.2 0.76 (0.46,1.24) 5.1 0.75 (0.48,1.17) 7.4 1.19 (0.82,1.75)

Stroke History No 9.0 1 8.9 1 4.9 1 6.4 1 6.2 1

YES 13.4 1.56 (0.86,2.82) 12.4 1.43 (0.78,2.64) 6.2 1.04 (0.69,1.56) 18.6 3.27 (1.93,
5.54)**

8.2 1.35 (0.65,2.80)

CHD No 8.6 1 8.3 1 4.9 1 6.4 1 6.1 1

YES 14.0 1.72 (1.31,
2.25)**

14.8 1.89 (1.45,
2.46)**

5.4 1.24 (0.54,2.87) 8.5 1.26 (0.91,1.76) 7.1 1.13 (0.79,1.62)

Smoking Status Never 7.1 1 6.3 1 4.1 1 5.8 1 3.1 1

Past 11.4 1.77 (1.40,
2.23)**

15.2 2.71 (2.17,
3.38)**

7.0 1.75 (1.31,
2.34)**

10.0 1.60 (1.25,
2.06)**

9.4 3.24 (2.43,
4.32)**

Current 12.7 2.17 (1.70,
2.77)**

9.1 1.56 (1.19,
2.05)**

5.1 1.50 (1.05,2.13)* 5.1 0.90 (0.65,1.27) 12.2 5.13 (3.82,
6.90)**

Alcohol Drinking
Status

Never 7.2 1 7.3 1 4.3 1 5.5 1 4.3 1

Past 16.4 3.30 (2.63,
4.14)**

15.1 2.60 (2.06,
3.27)**

7.0 2.23 (1.63,
3.05)**

9.8 1.77 (1.35,
2.32)**

10.3 3.16 (2.39,
4.19)**

Current 9.4 1.71 (1.23,
2.38)**

9.2 1.51 (1.08,2.10)* 6.2 2.03 (1.35,
3.05)**

8.7 1.79 (1.27,
2.54)**

12.3 4.09 (2.96,
5.65)**

Footnotes: The associations between retinal vascular abnormalities and risk factors were determined using logistic regressions,
*P < 0.05;**P < 0.01.†OR(95% CI) = Odds ratio and 95% confidence interval, adjusted for age, gender and left/right eyes
CHD:Coronary Heart Disease History
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Discussion
Distinguishing from the survey areas of previous studies
in Asia (e.g., Beijing [14] and Singapore [24]) and western
countries [1–13], the county of Shuangcheng was selected
for study to represent the typical environmental region,
which was characterized by a cold climate (average
4.5°Cyearly, approach to subfrigid zone), lower elevation
(approximately 200m), farming communities, and plains.
This study provides vital epidemiological data on the
prevalence of retinal microvascular abnormalities and
their associations with CCVds in this environment. Each
retinal outcome was determined by the assessment of ret-
inal digital images. First, we found that the overall preva-
lence of retinal microvascular abnormalities in the present
population was relatively higher but the prevalence of ret-
inopathy was lower than those reported in other regions
of the world [3, 14, 25–27]. Our finding adds to existing
data, details retinal microvascular abnormalities in a rural
population in a region of northeast China with a low alti-
tude and cold climate. Second, we showed that retinop-
athy was associated with a self-reported diagnosis of a
stroke, while AVN was associated with a self-reported
diagnosis of CHD; but FAN, GAN and AS were not con-
sistently related to the self-reported diagnosis of CHD or
previous cerebrovascular events such as stroke. Thus, an
examination of retinal microvascular characteristics may
offer clues regarding CCVds and could be a potentially
novel biomarker of CCVds risk.
In the present study, among the total sample, the

prevalence of FAN, AVN, AS, retinopathy, and GAN
were 9.1, 8.9, 6.6, and 6.2%, respectively. In comparison,
using almost the same assessment methods, the preva-
lence rates of FAN, AVN, AS and GAN were 6.3, 6.6,
4.8, and 4.3% respectively, in the Beijing Eye Study [14]
(Chinese population: 40–101 years of age, including
those with diabetes). The prevalence of RVAs in the
present study was relatively higher than that of the
Beijing Eye Study. The prevalence rates of FAN, AVN,
AS and retinopathy in persons without diabetes were
9.0, 8.9, 5.0, and 6.8% respectively in the present study.
In comparison, the ARIC study [3], which examined a

non-diabetic study population aged 48 to 73 years, found
that the prevalence rates were 7.3% for FAN, 6.0% for
AVN, and 4.0% for retinopathy. And the Cardiovascular
Heart Study (CHS) [28], which also included a non-
diabetes population aged 69 to 97 years found that the
prevalence rates were 9.6% for FAN, 7.7% for AVN, and
8.3% for retinopathy. Obviously, the prevalence of RVAs
in the present study was roughly equivalent to the data
of the CHS study but was relatively higher than that of
the ARIC study. First, these differences might result
from sample selection and population characteristics
(e.g., the average age [3, 28, 29] and the frequency of
hypertension [29–33] among these studies). Second, the
average latitude of the survey area was relatively high
(Fig. 1), and the average annual temperature was ap-
proximately 4.5 °C, stimulation by cold air is a precipitat-
ing factor for CCVds [34, 35]. Presumably, this factor
may be related to the high frequency of RVA in this
area. In addition, our study employed a 40° non-
mydriatic camera to obtain fundus images and used the
digital images to grade retinal lesions in the present
study. These methods differ from those used in previous
studies and thus may have also contributed to the differ-
ence between our results and previous findings.
Notably, the prevalence of retinopathy (5.1%) in per-

sons with diabetes was lower than that in Chinese in
Beijing (27.9%, ≥45 years) [25], Koreans (15.8%,≥40
years) [26], and Chinese in rural Handan (43.1%, ≥30
years) [27]. The specific reasons for the low prevalence
were not clear, in addition to different examination tech-
niques and the grading systems, the prevalence was pre-
sumably associated with a still lower living standard and
employment involving mainly physical labour. Interest-
ingly, for all types of retinal lesions, no significant differ-
ences were detected between the subjects with and
without diabetes of the whole sample, which is consist-
ent with the Beijing study. That is to say, although retin-
opathy (e.g., microaneurysms, haemorrhages, soft
exudates or cotton wool spots, hard exudates, etc.) is a
landmark of diabetic retinopathy, it is still common in
subjects without diabetes who are over 50 years old. We

Table 4 Logistic regression results of the association between retinal vascular abnormalities and cardiovascular and cerebrovascular
diseases in rural southwestern Harbin, China

Focal Retinal Vascular Abnormalities Generalized
NarrowingFocal arteriolar narrowing Arteriovenous nicking Arteriolar sheathing Retinopathy

% OR(95% CI)† % OR(95% CI)† % OR(95% CI)† % OR(95% CI)† % OR(95% CI)†

Stroke History No 9.0 1 8.9 1 4.9 1 6.4 1 6.2 1

YES 13.4 1.02 (0.55,1.90) 12.4 0.99 (0.53,1.84) 6.2 0.74 (0.31,1.76) 18.6 2.05 (1.18,3.57)** 8.2 0.91 (0.41,1.99)

CHD No 8.6 1 8.3 1 4.9 1 6.4 1 6.1 1

YES 14.0 1.27 (0.95,1.68) 14.8 1.44 (1.09,1.89)* 5.4 0.72 (0.47,1.10) 8.5 0.89 (0.63,1.26) 7.1 0.79 (0.54,1.17)

Footnotes:*P < 0.05;**P < 0.01. †OR(95% CI) = Odds ratio and 95% confidence interval, CHD = Coronary Heart Diseases History;
Adjusted for age, gender, left/right eyes, hypertension, hyperlipidaemia, diabetes mellitus, smoking status and alcohol consumption status
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should be cautious in diagnosing diabetic retinopathy,
especially in elderly patients.
After stratifying the population by age and gender

(Table 2), males and older subjects tended to have more
frequent RVAs of all types than their counterparts.
These findings were consistent with those of previous
reports such as those from the ARIC study [3] and the
National Health and Nutrition Examination Survey
(NHANES) [36] but different from those of the Beijing
Eye study [14] which even showed that AS was more fre-
quent in females than in males.
The focus of the present study was the correlation be-

tween RVAs and CCVds, which was discussed respect-
ively. In general, after adjusting for age, gender and left/
right eyes, FAN, and AVN were found to be associated
with a self-reported diagnosis histories of CHD (OR,
1.72; 95% CI, 1.31, 2.25; and OR, 1.89; 95% CI, 1.45,
2.46, respectively), and its risk factors (e.g., hypertension,
hyperlipidaemia, and habits of past/current smoking or
alcohol consumption), and when we further adjusted for
these above risk factors, the FAN association with CHD
disappeared, suggesting that FAN was only related to the
risk factors of CHD but was not related to CHD itself.
And the AVN-CHD association was attenuated but still
existed (OR, from 1.89 to 1.44) (Tables 3, 4), suggesting
that the changes in AVN could partly reflect the changes
in the cardiac macrovasculature in addition to the mi-
crovasculature. In the same way, when adjusted for age,
gender and left/right eyes, retinopathy was associated
with a self-reported diagnosis history of stroke (OR,
3.27; 95% CI, 1.93,5.54) and its risk factors (hyperten-
sion, hyperlipidaemia, habits of past or current smoking,
habits of past or current alcohol consumption). When
further adjusted for these above risk factors, the retinop-
athy–stroke association also weakened (OR, from 3.27 to
2.05) but still existed. Thus, these data suggest that a
point-to-point association between retinal vascular
changes and CCVds may exist (e.g., the AVN-CHD asso-
ciation or retinopathy-stroke association). A multicentre
study even demonstrated that different retinopathy signs
were associated with specific stroke subtypes [11]; for
example, retinal arteriolar narrowing was associated with
lacunar stroke, whereas retinal haemorrhages were
linked with cerebral haemorrhages [6–8, 11, 36]. How-
ever, the results of the CHS study [28] showed that only
retinopathy was associated with prevalent CHD and
stroke and the results of the Beijing Eye Study [14]
showed that RVAs were not related to the self-reported
diagnosis of CHD or previous cerebrovascular events
such as stroke. These inconsistent results might be due
to the different assessment methods and grading thresh-
olds among these studies.
The rest, except for retinopathy, of the RVAs were not

related to the self-reported diagnosis history of stroke,

but were associated with its risk factors; AS, retinopathy
and GAN were not related to the self-reported diagnosis
history of CHD, but were associated with the risk factors
of CHD (Table 3). Although RVA and CVDs share some
of the same risk factors, they are different in structure.
Certain types of retinal microvascular abnormalities ap-
pear to be associated with systemic processes that are
different from those associated with macrovascular
changes (e.g., structural, and pathological features), sup-
porting the ARIC [3] and CHS study [28] findings in
middle-aged people.
Some factors may have influenced our evaluation of

the prevalence of RVAs and their possible correlation
with CCVds. First, images were not obtained from some
of the participants, and some photos could not be evalu-
ated due to refractive interstitial opacity. A relatively
high proportion of these images were obtained from eld-
erly patients, who generally have more RVAs. Second,
the evaluation of retinal abnormalities was performed
manually, which may lead to the relatively low κ values,
for intraobserver and interobserver variation. Third, we
used questionnaires to collect the histories of diseases as
the basis of the prevalence estimates of CCVds. This
may underestimate the associations with systemic dis-
eases. Fourth, for the assessment of GAN, considering
the engorged and tortuous of veins may caused by other
reasons, such as branch or central retinal vein occlusion,
so these eyes were not defined as GAN. This would lead
to an underestimation of the prevalence of GAN. Last,
due to the use of a cross-sectional study design rather
than a cohort study design, the current study could not
elucidate the evolution of RVAs and their real-time rela-
tionship with systemic diseases.
What is the innovative points and clinical significance

of the present study? Previous studies mostly tended to
describe the association between RVAs and CCVds in
general or to explore the association between retinal ves-
sel diameter and CCVds with image analysis technology
[5–11, 36–39]. In this study, we found that point-to-
point associations might exist between specific types of
RVAs and CCVds(e.g., the AVN-CHD association or
retinopathy-stroke association). If such associations
could be demonstrated as stable, we may need to pay
more attention to the correlation between specific types
of RVAs and CCVds. Thus, the prediction of CCVds
may become more targeted, especially in rural primary
hospitals where medical equipment was relatively scarce.
In addition, a semi-quantitative classification method for
RVAs was used in this study. Due to the use of digital
fundus photographs and standard evaluation system
(ARIC), the variability among observers is significantly
lower than that of the use of direct fundoscopic examin-
ation [40]. Moreover, because this method is low-cost
and efficient and it does not need professional
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technicians and expensive professional software, it could
be popularized and implemented in primary hospitals in
undeveloped regions. However, due to the relatively lim-
ited geographical scope of this study, future clinical
studies involving large samples and multiple regions are
needed clarify the stability of this correlation between
specific types of RVAs and CCVds.

Conclusion
This study details retinal microvascular abnormalities in
a rural population in a region of northeast China with a
low altitude and cold climate. The overall prevalence of
retinal microvascular abnormalities in this population
was relatively higher than that reported in other regions
of the world. However, the prevalence of retinopathy
was low. Retinopathy was associated with a self-reported
diagnosis of stroke history and AVN was associated with
the self-reported diagnosis of CHD; FAN, GAN and AS
were not consistently associated with the diagnoses of
CHD or previous cerebrovascular events such as stroke.
Thus, an examination of retinal microvascular character-
istics may offer clues to CCVds and could be potentially
be considered as of a novel biomarker of CCVd risk.
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